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(54) Ught emitting device, electric device provided witn the light emitting device, and method of 
producing the light emitting device 



(57) The invention proves a liQm emrrung device 
* ( rh a simple device structure capable of emitting ugm 
of various colors The Ugm efTuTnng device can De pro- 
duced by simple processing steps, A mold <s pressed 
convex -and -cancawe agamst a glass suDstraxe thereby 
forming a corresponding conve**and-conca*e structure 
on the glass substrate, a dielectric layer and a positive 
electrode ia y er are successively harmed on the glass 
substrate, trier ety forrmng a positive electrooe sub- 
strate: a negative electrode substrate provided witn a 
negative electrode layer formed owecn, is prepared; 
an active layer material is coated on tne negative elec- 
trode substrate, and the positive ana negative electrode 
substrates are bonded to eacn otner via a spacer. 



FIG 2(a)C^ 
FIG 2(b) 
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Pescnption 

BACKGROUN p of the INVENTION 

pi^LQ OF THE INVENTION 

The present invention relates to a light emitting 
device, an electric device provided with a ligm emitting 
device, ana a method of producing me light emitting 
qe*ice. More specifically, the present invention relates 
to a light emitting device which can be applied to a light 
emitting display array or the like, and particular to an 
electroluminescent light emitting device farmed of an 
organic material The present invention also relates to a 
display apparatus provided with the above light emitting 
device and electric devices sucn as a sensor device, 
exposure apparatus, and lighting apparatus. Further- 
more, ine present invention also relates to a memod ot 
producing the light emitting device. 

DESCRIPTIO N OP THE RELATED A8T 

Oiganic electroluminescence using an organic 
material has various advantages over an inorganic elec- 
* iroiummescence That is. organic electroluminescence 
devices can be realised in a flexible farm, ana the* lumi- 
nescence wavelength can be selected from a wide 
iange Furtnermore. organic electroluminescence 
deuces can easily De fabricated by means ot a coating 
technique. Besides, large devices of tms type can be 
easily produced at iovt cost. Another advantage is that 
organic electroluminescence deuces can be dnven By a 
low voltage Consequently, there are intensive researcn 
and development activities on me organic electrolumi- 
nescence 

Aitnough electroluminescence devices have tne 
advantage mat tney can emit light or various colors, it is 
difficult to realize a single electroluminescence device 
which can emit a plurality of colors. That is. »t is required 
to form active layers into desired patterns using different 
materials corresponding to desired colors Dy means of 
evaporation or coating. However, very compiicaiea pro- 
duction processing & required to form such a structure 
Furtnermore, it is drfficurt to realize a light emitting 
device in which me color ot me emmed ligfn vanes from 
one smau area to another small area. 

it is also Known in me an to term a plurality of lignt 
emitting layers cocreeponoing fa a plural fry of desired 
colore in mrs case, however, a complea layer strucwre 
is required. In another Known tecnnque. color filters are 
disposed on a single active layer which emrs mono- 
chrome light. In mis case, howler, me color tiKers 
result in an increase in cost. Furthermore, light absorp- 
tion by me color filters causes a reduction m the bright- 
ness and also causes degradation in color puniy. 

One Known technique proposed to solve me above 
problems is to partially change me thicKness of a trans- 
parent electrons made ot iTO (indium tin oxide) so as to 
modify me optical path depending on the cnang m me 



thickness, mereby changing me wavelength of emitted 
ught from one small area to another small a/ a (Th 
4ist Meeting of The Japanese Society o? Applied Phys- 
ics and Belated Societies, 2SP-N-16. 
5 Although me above technique can provide means 
for partially changing me wavelength ot emitted light 
within a single device, this tecnmque nas the disadvan- 
tage mat me evaporation process has to be performed 
a plurality of times so as to control me micKness ot me 
io iTO layer. This causes an increase in comptewty ot me 
production process and also causes an increase m cost. 

Furthermore, a pattern registration error occurs 
during a plurality or masKing processes, and nonum- 
formrry occurs in me conductivity otthe ITO layer. 



15 



SUMMARY OFTHF INVENTION 



in view o? me above, n is an object of the present 
invention to provide a lignt emining device having a sim- 

20 pirfieo structure which can be produced easily and 
which can emit light whose color varies within a signal 
device it * another obiect or the present invention to 
provide a simple anq iow<osi production memod for 
producing such a light emitting device. It is still another 

25 object of me present invention id provide a display 
apparatus provtisd witn a lignt emitting device capable 
of emitting light whose color vanes wimin a signal 
device. 

According to one aspect of me present invention, 
jo mere is provided a light emitting device including at 
least: a first substrate; a positive electrode layer formed 
on the first substrate; a second Substrate, a negative 
electrode layer farmed on me second substrate, and an 
active layer formed between me positive aecrroqe layer 
jf and me negative electrode layer Ught emitting regions 
are formed between me positive and negative electrode 
layers in such a manner mat me distance between me 
positive and negate electrode layers varies from one 
hght emitting region io anomer region. One feature of 
*o me lignt emitting device is mat a resin layer t$ disposed 
enner between me first substrate and me posipve elec- 
trode layer or between me second substrate ana me 
negative electrode layer, so mat me resm layer farms 
me light emitting regions in wtircn me abov&<3escriDed 
«5 distance vanes. 

According to anomer aspect of me present inven- 
tion, mere is provided an electric device including me 
ught emitting device aescnotrf above 

According to still anomer aspect of me present 
so invention, there rs provided a memod ot producing such 
a lignt emitting device, sac metnod comprising me fol- 
lowing steps. A resin layer is farmed on either me first 
substrate or me second substrate, and a canve* -ana- 
concave structure is formed on the resm layer. 

55 

p FlFF FE?CfllP T,QN QF ™ E drawings 

Fig. 1 is a cross-sectional vie- schematically illus- 
trating an embodiment of a light emitting dt*ice 
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according to me present invenqon. 
Figs. 2{a)-2te) are cross-sectional views schemati- 
cally illustrating an example or a sequenc of 
processing stops for producing the hgrn emming- 
device according to ine present invention: 5 
Fig. 3 is a sen erratic diagram of a preferred embod- 
■mem of a projection type display apparatus using 
the light emitting device according to me present 
invention; 

Figs. 4-6 are cross-sectional views scnerna&caiiy io 
illustrating vanous structures or me light emitting 
device according to me present invention, which 
can preferably be employed in a display apparatus; 
Fig. 7 is a perspective view schematically illustrat- 
ing an embodiment of a light emitting device having >s 
stripe-shaped ligm-emrnjng portions tor emitting 
various colors, according to the present invention; 
and 

Fig. 8 is a schematic diagram illustrating an embod- 
iment of a sensor device including a light emitting so 
dMco with svip»-snapa4 tight emitting regions and 
also including reading means, according to the 
present invention 

PESCRIPTIQN <?f th«= PREFERRED BMBPPl- * s 
MSNTS 

Rg l is a cross-sectional view illustrating a pre- 
ferred embodiment of a light emitting device according 
to the present invention As shown, the light emitting no 
device includes: a glass substrate 4 having convex-ano- 
concave regions formed on its surtace; a dielectric layer 
5. a positive electrode layer 6; a glass substrate 9. a 
negaove electrode layer to. and an active layer 12. 

in the present invention, the positi-e electrode layer m 
6 is preferably made or an electrode material having a 
high work function More specifically, in the case where 
the positive electrode 6 is opaque, preferable electrode 
materials include Cul. HO. and Sn0 2 . On me otner 
hand, the negative electrode layer 1 0 »s preferably made «> 
or an electrode matenai having a low worn function. 
Specrf * examples of preferaHo electrode materials tar 
the negative elect ode layer include Mg, Mg-Ag ajfoy. 
Na. u. in. Al. and Ao. in me present invention, the active 
la y er 1 2 may consist of errhor a single layer or a plurality 
at layers. Ft* example, the acra layer W may have a 
hole injection layer into when holes are injected from 
tne positive elecvQde layer 6. and may also nave an 
electron injection layer into when electrons are injected 
from me negative electrode layer to. In this case, eitner so 
the hole injection layer or the electron injection layer 
may serve as a light emrnng layer. Furmermore. a sec- 
orv4 nght emitting such as a phosphor layer including a 
pnosphor may also be formed between tne note injec- 
tion layer and the electron injection layer The active ss 
layer 12 may also be farmed with a single layer including 
a mixture ot van us desired materials so mat tne single 
layer serves as a nole injection layer, an electron injec- 
tion layer, and also a phosphor layer. 



M A2 * 

Furthermore, th active layer may nave a multilayer 
structure consisting t: a light emitting layer made at a 
tns{8^uinotinolaio)aIurninum complex; and a layer ot a 
tnphenylamine derivative. The above light emitting layer 
may also be made ot a beryllium complex, zinc com- 
pi x. or the tike. 

Low*moJ ecu tar -weight pigment materials such as 
various triphenyl amine derivatives may be used to form 
the note injection light emitting layer, and various °*adi- 
azole derivatives may fee employed to form tne electron 
injection light emitting layer Furthermore, various mate- 
rials including conjugated polymer materials sucn as 
polyphenylene vmyiene (PPV). and charge transfer pol- 
ymer materials such as polycarbonate with a principal 
chain of tnphenylamine derivative or polyvinyl carba2oie 
may also be employed to form tne active layer 

Although tne present invention is particularly useful 
wnen it is applied to an organic light emitting device, tne 
present invention may also be applied to an inorganic 
light emitting device Furmermore. me present invention 
may atsa oe applied to intnnsc elearoluminescence 
devices sucn as a dispersion electroluminescence 
device or a tnin film electroluminescence device, and 
also to injection type electroluminescence devices sucn 
as a light emitting diode. 

in the light emitting device according to the present 
invention, as shown m Fig. 1 . a dielectric layer 5 is pref- 
erably ojsposad between me positive electrode layer 6 
ana the glass substrate 4. The dielectric layer can be 
farmed to have a multilayer structure consisting of lay- 
ers with different refractive indices sucn as a combina- 
tion ot Si0 2 and SiO so mat the dielectric layer nas hign 
(or low) reflectance and/or transrmnance at specific 
wavelengths Or simply, a naif mirror may also oe 
employed to achieve a desired reflectance. 

An example of a production sequence ot me light 
ermning device according to the present invent! n win 
be describe oetow w,m reference to Fig. 2 

a) Production of a convex-and'concave moid ^ (Fig* 
2(a)). First, a quartz glass plate serving as a moid 
material is cleaned, a srfane coupling agent is men 
coated on me surface of me quartz glass plate, and 
a photoresist material is further coatee meregn. 
The photoresist matenai may be other or a iqutf 
type or a or y type formed into a sheet or film. When 
a dry film photoresist ts employed, it is bonded to 
me quartz glass plate, as opposed to me liquid pho- 
toresist, when can be deposited py means at coat- 
ing, in the case where a liquid pnotoresis is 
emptoyod, it can be coated on by means ot spray- 
ing, coating, or spinrvng. in panjcuiar. me spinning 
technique can proves good uniformrry in tmoxness 
ot me coated pnotore&Gt, which is nighty desirabi 
in ffie present invention. On me other nana, a dry 
photoresist can preferably be bonded to me surface 
ot me glass plate by means ot applying pressure or 
by means of applying bom pressure and heat It 
required, pre-ba*qng is p rforrned after forming the 
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photoresist layer. Then me phot resist is exposed 
to tight and developed so as to lorm a desired pat- 
tern m tne photoresist. Posvbaiong is me per- 
formed as required w improve resistance io etching 
process The exposed areas of the gloss plate is 5 
men etched 10 a desired deptfi. The amount (deptn) 
of etching can be controlled by controlling the etch- 
ing time Arter me etching, the photoresist is 
removed, it desired, the etching depth is measured 
to cnecK whether me etching has been performed to 
by tne desired amount. The above processes 
including the application ct a photoresist, exposure, 
qevetopment. etcrung. and res*st removal are 
repeated a plurality of times corresponding to me 
desired number or levels of the multilevel pattern to 15 
be formed on the glass substrata in mis way. a 
desired convex^and<oncave structure is lormea on 
the surface of me glass, plate and thus a complete 
convQi-and -concave mold is obtained. The method 
ot producing me cortvex-and-concave mold is not so 
limited to me above-dese-ibed technique. Other 
tecnnques sucn as patterning mm a laser beam 
may also be employed to wrm a oesirea sunace 
structure having cortvax and/or concave portions, 
b) Production of a convex-and<orrave glass sub- ss 
strate 4 (Fig 3(b)). After peflormmg s»iane coupling 
treatment as required, me sunace of me glass sub- 
strate 2 is coated wrm an actrve energy radiation 
curing resm 3 such as on ultraviolet-curing resm. 
The various techniques described above in eonnee- 30 
tion with me process of applying a photoresist 
material can also be employed for applying me 
resm 3 Tne convex -ana -concave mold produced in 
the previous process <s pressed against me resm 3 
disposed on me glass substrate 2 so mat a corre- 3S 
sponding convex-and-concave structure is formed 
on me resm 3. Subsequently, me resin 3 is illumi- 
nateo by an active energy radiation such as ultravi- 
olet dght via the giass substrate ? and/or me 
convex-and-concave mold 4 so as to cure me res*n «o 
3 Dunng me above pressing arc/or curing proc- 
ess, me resm 3 may be haawo as required. After 
curing me resin 3. me convex-snd<concave mold l 
is removed. Thus, a ewvM-and-concave glass 
substrate 4 provded with a resin layer having a 
convex -and-concave structure transferred from me 
convex-and-concave structure of me mold 1 «s 
obtained. 

c> A dielectric layer S is formed, as required, on me 
convex-and-concave glass substrate 4. ana a pos*- $0 
live electrode layer 6 is formed mereon by means 
of. for example, evaporation. Thus, a positive elec- 
trode substrate 7 is aotamed (Fig. 3(c)). 

d) An negative eJearoae layer 10 »s formed on 
anomer glass substrate 9 by means of. for example, ss 
evaporation, ana is men patterned so as to produce 

a negative etectrooe substrate 11 (Fig. 2(d)) 

e) Active layer materials are men deposited on m 
positive eiectrod layer 6. The negative electrode 



suostrat n is placea on the positive electrooe 
substrate 7 m such a manner mat me negative elec- 
trode layer 10 comes m contact with me active 
layer. The negative electrode substrate 11 ana me 
positive electrode substrate 7 are pressed against 
each ther so mat mey are fixed to each other in 
m above connection process, if required, a spacer 
13 may be disposed between me negative elec- 
trode substrate 1 1 and me positive electrode sub- 
strate 7 Thus, a complete hgm emitting device 
according to me present invention is obtained (Fig 
2(e)) 

In me present invention, as described above, me 
distance between me positive and negative electrode 
layers is controllea so as to construct an optical resona- 
tor cavity which can amplify ana emit light with a specific 
vvavelengm. 

The above-described technique ot producing me 
conve*-and-concave glass substrate 1 using me con- 
vex-ana-concave mold 1 made of quartz glass can pro- 
vide high productivity m mass production at low cost. 
However, it qesireo, tne convex- ana-concave mow 1 
itself may also be enployed as the convex-ana ^concave 
glass substrate. 

An alternative technique for forming a multilevel 
convex-and-concave structure is to expose me unravio* 
lei-cunng resin to ufpavtoiet iignt a plurality ot ames so 
mat me variation in me curing oagree produces a con- 
va*-ana<oncave structure having a desired oeptn. 
instead of me ultraviolet-curing resm. a thermoset res*n 
may also be errpioyed. In this case, me coated thermo- 
set resm is heateo so mat a desired cortex -and -con- 
cave structure is obtained. 

in me tecmnque a escribed above, two substrates 
are oonded to each other However, me above structure 
may also be formed by deposing electrode layers and 
active layer on a Single substrate In mis case, an acnv 
layer material is coated a plurality of gmes (for example, 
twice) on a substrate so mat its rnicxness vanes across 
me substrate, or otnerwise an active layer material is 
coated so mat its viscosity vanes across me substrate, 
thereby achieving me vanaoon »n me distance between 
me two electrode layers. 

in me above structure, if me distance d between m 
positive and negative electrode layers is set to satisfy 
me condition expressed by me following equation: 

n • d »Mll/4) * (m/2)} (where m is an integer). 

wnere n *s me effective refractive inaex of me active 
layer, ana 1 is me wavelength ot emmed light, men iignt 
is emitted in a direction perpendicular po me 6ubctrat 
wnerem me wavaiengtn or me ligm varies depending on 
me variation in the distance o. The above distance d 
determining ma waveiengm t may be given by either 
me micKness of me acnve layer or the sum at the tnic*- 
ness ot me active layer ana me midmess ot the phos- 
pnor layer Aimough a small pan of tight can travel m an 
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oblique direction toward a different wavelength region, 
such ottique light is weak corrpared to thai emitted in 
tne vertical direction, and thus it does nor lead to a sig- 
nificant problem in practical applications if desired, on 
the other nana the device can also oe aoaptea to emu 
a significant^ large amount ot obhque light by adjusting 
the optical pain in such a manner as to suppress me 
light emission in the vertical direction 

fipFC.FlC FMBODlMENTS 
EMBODIMENT 1 

A light ermning device ot me type shown Fig t was 
produced according to tne processing steps shown in 
Figs. 2(a)-(e). 

First, a can>sx-ana -concave mold l was produced 
Oy forming a conve^-and-concave structure on quartz 
glass Qy means ot dry etching technique as will be 
described in greater detail below. That is, after cleaning 
the quartz glass plate, a silane coupling agent was 
coated on one surface of tne aeaned quanz glass plaxe 
so as to perform a silane coupling treatment on tne sur- 
face. A photo-curmg photoresist material was spm- 
coaied on the surface which nao been subjected to the 
silane coupling treatment, and the photoresist material 
was pra-oafced. ATter the pre-baking, the photoresist 
was selectively exposed to light so that only mose areas 
at wnich protruded portions was to oe formed ware 
exposed to the light (exposure process). After ma expo- 
sure, the photoresist «sas developed to form a desired 
pattern m the photoresist. The resultant photoresist was 
post-baked so as to improve resistance id the following 
etching process. The surface of me quartz glass ptate 
was etcned in a plasma gas arrfoient including haiogen 
atoms After completion ot me etcmng. me photoresist 
was removed, and tne amount or etching was meas- 
ured, in m»s specitc example, a one-l^ei conve»-and- 
concave structure was formed Dy me above process An 
ultraviolet-curing resin 3 was coatad on tne suflace of 
me glass substrate 2. The convax-and-concave mold 1 
was men pressed against me unraviolet-cunng resin 3, 
and me ultraviolet-curing resm 3 was axposeo to an 
uftravioiej hgm so as to cure the resjn 3 T thereby produc- 
ing a convM-anoconcave glass supsirate 4 More spe- 
cifically, the urtraviolet-cuing resin 3 was spn<oatao 
on me surface ot me glass substrate 2 which haa peon 
deaneo. The con^w-ano-concave mold 1 was pressed 
against the glass Substrate 2 so mat me convax-and- 
concave surface came in contact witn me utuavioiet<ur- 
ing resin Die uttraviolet-curing resin was men cured to 
a sufficient degree Py illuminating mo convex-ana-con- 
cave side by ultraviolet (UV) light- Then, me corwex- 
and-concave motf i -as removed and trtus me convex- 
and<onc«ve glass substrate 4 was obtained. 

Ti0 2 and SiO^ ware evaporated successively on 
the conveK-and-concave glass substrate 4. mereoy 
forming a dielectric layer 5. Subsequently. HO was 
evaporated mereon so as to form a positive electrode 
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layer 6 Thus, a positive electron; substrate 7 was 
obtained 

Another glass supstrat 9 was cleaned and dried 
indium was men evaporated on one surface of the glass 

s substrate 9 so mat me a/aporated surface couio reflect 
all incident l»ght of wavelengths relevant to operation of 
m device The indium was patterned so as to form a 
negative electrode layer 10. Thus, a negative electrode 
substrate 1 1 was obtained. 

19 An active layer 12 capable of emitting tight of two 
different colors was tnen formed on tne convex-and- 
conca«e surface at the positive electrode substrate 7 oy 
spin-coarcng THF (tetrahydroTuran solution containing 
poiy(N-vinylcarba2ole) mi»ed with aspersed tetrapne- 

is nylperraaiene (blue. PL * 460 nm) and N.N-Oimemoiy- 
pheny1-N-(naphmostyryl)amjne (blue. PL = 43S nm), 
with the coated film levelled so as to obtain a flat sur- 
face. 

The positive electrode supsirate 7 and the negative 

so electrode substrate l 1 were pressed against eacn otner 
so as to obtain a light emitting device in which an optical 
cavity was formed between me positive electrode layer 
6 and me negative electrode layer to. in mis specific 
embodiment, the distance oeiween me positive and 

25 negative electrode layers was adjusted to be equal to 
(3/4)i_ The distance between me bottom and top of me 
convex-and~concave structure was set to 30 nm. 

When a voltage at to V was applied between me 
positive and negative electrode layers of me obtained 

30 light emitting device, me device Successfully operated 
and emitted blue (460 nm) and green (S30 nm) light cor- 
responding to me convei-ano-cancave structure ot th 
convex -and -concave glass substrate 4 

Although the corrvei-and<oncave structure was 

as formed on me positive electrode supstrats in me spe- 
cific emoodiment described apo*e, the con* eu- and -con- 
cave structure may also be formed on the negative 
electrode substrate to achieve a similar function 

Furthermore, although a mixture at two different 

to materials was used to form tne active layer m the aoove 
specific example, me active layer may also be formed of 
a material exhibiting a broafler emission *avelengm 
band (tor example. ms(8^uinoJinc&to)aiurT*nium). Or 
otherwise, me active layer may also pe formed in Such a 

4$ manner as to have a multilayer structure. 

EMBODIMENT 2 

using similar processes to those employed in 
so Emwimam l . a threeHevei corwax-ano -concave struc- 
ture was tormeo on a supstrate so as to obtain a light 
emitting device substrate capttfe of emitting thre RGB 
colors, An appeal system consisting of a condenser ions 
34 was cantoned «nh me above ligm emitting device 
55 subsnte so as to produce a projection type display 
apparatus, which is schematically shown m Rg. 3. m 
Fig. 3. reference numeral 31 denotes the light emimng 
device including me light emitting portion 32 ana me 
driver portion 33 
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in tms display apparatus, me ught emitted by me 
hgrn entitling portion 32 illuminates via tne condenser 
lens 34 a screen 35 serving as a display merroer so as 
to display an image corresponding to an image pattern 
tormed on the l>ght emitting device 31 in mis ngrn emit- 
ting device 31. sine mree RGB colors are created by 
means of tne convex-ana-concave structure as shown 
,n me insert 36. «t is possible to torm a oolor image with- 
oui having to use color filters. The image can be dis- 
played by properly turning on and off liquid crystal 
snutters 37 (represented by broken lines in F»g. 3) dis- 
posed on tne condenseMens Side oi tne ligfn emitting 
device substrate 31 so as to control the transmission or 
itgnt througn me liquto crystal shutters 37 correspond- 
ing to pixels serving as R-. Gr ana EHight emitting 
regions An alternate technique to display an image is 
to employ a structure in which both positive and nega- 
tive electrode layers are formed tnto strip© snapes 
which cross each other. Witn ihs arrangement, it is pos- 
sible to select dearea pixels and emit l*ght from the 
selected pixels. 

FMBQPIMSNT 3 

In me light emitting device according to tne present 
invention, since an optical resonant cavity is termed with 
a pair ot electrodes, it is possible to emu light wrm vari- 
ous wavelengths depending on me distance Between 
the two electrodes however, m mis structure, iigrrt is 
emitted to the outstie m a direction perpendicular to tne 
elecrroqe layers, and tnus the light is difficult to be seen 
trom an oblique direction This can produce a problem 
of a rather narrow angle or vie* 

in this specific emoodiment. me aoo*e problem is 
avoided oy employing a structure m whicn the materials 
lor tne positive and negative electrode layers of tne 
structure employed in Example l are replaced by each 
other (so that tne negative electrode layer is transparent 
to light and tnus light >s emmaa to me outside from me 
side of the substrate 9), ana in which ions are implanted 
into tne substrate 9 so as to produce a refractivity distri- 
bution thereby producing micro-lenses 4i within tne 
substrate. Fig a is a cross-sectional view illustrating the 
structure ot me light emrtnng device according to me 
present ernocdrment in mis embodiment, a parallel 
light ray emitted »ia me negative efeetrcoe layer to is 
diverged by me rrwro-lenses «i. merefiy ensuring mat 
tne light can do easily seen even from ottfque direc- 
tions 

An alternative technique of forming rrocroHenses is 
to coax an ultraviolet-curing resm on the outer surface of 
tne suostrate 9 ana men expose me ultraviolet-curing 
resin to ultraviolet light in such a manner mat specific 
regions of me ultraviolet-curing resm corresponding to a 
desired pattern are exposed to me ultraviolet light 
thereby producing a corresponding conve*-ano*eon- 
cave structure which serves as me micro-lenses 41 
Fig. 5 illustrates such me structure. A similar structure 
may also be produced Dy pressing a piate having an 



adequate convax-and-concave structure on its sunace 
against a resm disposed on me substrate 9 tn this spe- 
ar* embodiment, panrnon wails 51 are disposed »n me 
substrate 9 so as to isolate (he re^sectsve pixels from 
s each other, thereby preventing interference with the 
light «itn different wavelengths emitted by adjacent pu- 
is. This mates it possible to obtain a di^jlay apparatus 
capabl ot displaying an image with hign-purity colors. 
The isolation between pixels may also be realised by 
to farming a light olocfcng pattern having openings at loca- 
tions corresponding to me respective pixels. Sucn me 
light clocking pattern may be formed by means of tor 
example a micK-fiim printing technique. 

is FMBPPIMENH 

in mis specific embodiment, the micro lenses 
employed m me previous specific empodiment are 
replaced by parades by wmch light is properly scat- 
bq tered. Fig. 7 is a cross-sectional view illustrating me 
device structure of the present embodiment 

In this specific ermodiment. an uftravioiet-curing 
resin mi*eo with particles »s coated on iho outer surface 
or me negative electrode suDsrrate 1 1 . and men cured 
25 so as to form a parocte-mixed layer 61 serving as a light 
scattering layer 

When a voltage is applied between tne electrodes 
ot me light emitting device of me present embodiment, 
light is emmed toward me outside in a direction perpen- 
30 dictdar to me negative electrode layer to. and scattered 
by me parwe-mixed layer 5. thereby ensuring mat m 
light can easily be seen even from obique directions. 
Thus, it is possible to realize a display apparatus having 
a wide view angle. 
is m me specific examples 3 and 4 described above, 
me light emitting device is formed to have a structure 
•hicn can ermt two different colors. However, the light 
emitting aevice may also be formed in such a manner as 
to ermt three different colors by forming oiree-ie-ei con- 
«o vex-and -concave structure and farming me active layer 
with a mixture of materials which can emit tnree differ- 
ent colors or witn a material na*mg a oroao light emis- 
sion characteristic inducing wavelengths corresponding 
to three desired colors. 
45 Furthermore, although me optical resonant cavity is 
farmed between me two electrodes m me above 
embodiments, me optical resonant cavity may also be 
realized by forming a reflecting layer on tne outside and 
properly controlling me miekness 
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EMBQPiMENT 5 

A line head having tnree stnpe-snapeo light emn- 
tmg regions (corresponding to three colors) eacninclud- 
»ng circular pixels is presented m tn* empodimern. 
Since me light emitted by mis line heao is limited 10 a 
vertical direction, it rs possioje to form a expos ad dot on 
a silver salt film so mat me diameter of the exposed d t 
becomes substantially equal to the diameter of me 
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pixel Thus, cells for focusing light mo a photosensmv 
layer axe no longer necessary in this tine head of the 
invention, as opposed to conventional types, in mis line 
head, a great number of circular-term pixels are dis- 
posed along tnree lines. The tine head 70 includes a s 
convex-and-concave su&sirai 4 having stripe-shaped 
steps corresponding to die Three lines ol pixels which 
are formed m a manner similar to tne previous embodi- 
ments so (hat three lines ot dots can emit tnree different 
colors. A photosensitive film or the lifce is disposed in io 
paraiia to and adjacent to the iigrn emitting surface. As 
shown in Pig 7. the light emnea Dy tne line heao 
includes substantially only a vertical component This 
makes it possible to form exposed dots on a photosen- 
sitive layer such as a pnotosensmve trim such mat eacn 15 
dot exactly corresponds to eacn pixel or tne line head, 
without having to use focusing means. Thus it is possi- 
ble to realize a mgn-speed and high-resolution color 
exposure apparatus 

if paraxon walls such as those employed in tne 20 
embodiment shown m Fig 5 are termed in the line head 
of me present embodiment, me performance of the tine 
nead can be improved. 

In a modif ted mode, the tme head may also be real- 
ized in such a torm in which pixels disposed along one 2s 
hne so mat the color varies periodically from pixel to 
pixel 



EypgpiMENTfi 



30 



The hght emitting de-ice 70 of embodiment S can 
be combined witn a sensor 71 into an integral form so 
as [o realize a sensor d^ice as shown m Fig. 8. This 
sensor device may be employed in tor example a in- 
cest color scanner in this sensor device, the light emu- 3f 
ting device 70 series as illumination means if aesirea 
tne hgnt emitting device 70 may be disposed separately 
from the sensor 7i A non-smgle crystal semiconductor 
layer sucn as an amorpnous silicon layer may preferably 
be employed to form long sensing portions on tne sen- 40 
sor 7t. 

As oescriDeo above, the present invention provides 
a hgnt emirong d fence which can emit various colors 
wttnowi neving \o use color fitters or tne like. The light 
emitDng device of tne invention can oe produced oy sim* *s 
pie processes and mus can be mass -produced at a low 
cost 

The light emmmg device may also be employed as 
a color bade light combined wltn a Icjuri crystal layer 
serving as a transmission modulation device thereby so 
realizing a nign-errictency color display having no color 
filters. 

The invention provdes a light emrttmg device wrtn a 
simple device structure capable of emrttng light 01 »arv 
ous colors The light emitting device can be produced by ss 
simple processing steps. A mold is pressed convex- 
and-concave against a glass substrate thereby forming 
a c rresponding convex-and-concave structure on me 
glass substrate; a dielectric layer and a positive elec- 



trode layer are successively formed on tne glass sub- 
strate, thereby forming a positive lecgooe substrate, a 
negative electrode substrate provided with a negative 
electrode layer formed thereon, is prepared, an active 
layer material is coated on tne negative electrode sub- 
strate: and th positive and negaiiv electrcd sub- 
strates are bonded to each other via a spacer. 

Claims 

1 . a hgnt emitting device comprising, a t<rsi substrate, 
a positive electraqe layer termed on said first Sub- 
strate, a second substrate: a negative electrode 
layer formed on said second subsiraie. an active 
layer formed between said positive eiectrod layer 
and said negative electrode layer, wrier em light 
emitting regions are termed between said positive 
and negative electrode layers m sucn a manner that 
me distance between sari positive and negative 
el ear ode layers vanes trom a light emitting region 
to another region: and a res*n layer disposed either 
between said first substrate and said positive elec- 
trode layer or between said second suostrat and 
said negapve electrode layer, to form said fight 
emitting regions in which sari distance varies. 

2. A hght emitting qevice according to Claim 1. 
wnerein a conwa&^and-concave structure is formed 
on a Surface or sad resin layer 

3. a light emitting device aecoramg to Claim 1 or 2. 
wherein said resin layer is a hardening resm 

4. A light emitting dev,ce according to Clam 3. 
wherein said hardening resin is a pnoto-setting 
resin 

5. A light emitting device according to Claim 3 or 4. 
wherein said hardening resin is a thermosetting 
resin 

6- A light emitting device accoroing to any of Claims 1 
to S, wherein sad active layer includes a light emit- 
ting layer. 

7. A light emjreng device according to Claim 6. 
wherein sard light emitting layer includes at least 
either a hole injection layer or an electron injection 
layer. 

8» A lignt emitting device according to Claim 6. 
wherein sari light emitting layer includes a phos- 
prior 

9. A light emitting device according to Claim 6. 
wherem sad lignt emitting layer includes a fluores- 
cent layer including a phosphor 

10. A light emitting device according to any f Claims i 



7 



OZ-19-99 09:55 



F rom-MORR I SMANN I NGMART I N 



4D4Z33D473 
EP0 756 334A2 



T-909 P. 30/54 MEbb 



»4 



is 



20 



to 9. therein said fluorescein rayer is disposed 
between a note injection layer and an electron injec- 
tion layer. 

n . a ligrn emitting oence accoraing to any of Claims l 
i io. wnerein tner rs provided a dielectric layer 
formed ©tner on said first substrate or said second 
substrate 

12, A light emitting oev.ce according to any of Cla.ms ^ 
to 1 1 . wnerem light emitting regions m me Torm of 
stripes are disposed along lines, said distance 
being constant witnin eacn said ligrn emitting 
region 

13, A light emitting device according to any of Claire \ 
to 12. wherein said first substrate or said second 
substrate is transparent to itgm 

14, A |.ght emitting dance according » any of Claims i 
to 13, therein sac firs substrate or sad second 
substrate includes regions whose refractive tnaei 
vanes in response to said iignt emitting regions 

* 15. A light emitting aewice according to any of Claims i 
to 14. wherein lenses are disposed on either said 
first substrate or sad second substrate, at locations 
corre^jonding to said light emitting regions. 

16. a light emitting device according to any of Claims i 
to 15. wnerem a hght Wocwng layer is disposed on 
eitner said first substrate or said second substrate, 
sad hght blocking layer having openings at (oca- 
ttons corresponding to sad light emitting regions 

17. a light emitting device according to any of Claims i 
to 16. therein either sad first substrate or sad seo 
and substrate includes ligni-wocking partition -alls 
disposed at locations between said light emitting 
regions. 

IS. a iignt ermmng deuce according » any of Claims i 
to 1 7. wneretn a light scattering layer «s dispowa on 
either said first substrate or sac second substrate. 

19, A light emitting fleece according » Claim 18. 
•.herein sad light scattering layer includes parti- 
cles. 

20, An electric device provided with a light emitting 
device according to Claim 1 

21, An electric deuce according to Claim 20. further 
including liqwd crystal shutters disposed on said 
light emitting device, -herein sad liqud crystal 
Shutters are disposed at locations corresponding to 

light emitting regions 



including an optical system for directing tne light 
emitted by said light emitting device onio a display- 
ing member 

23. An electric device according to Claim 20. wherein 
sad lectnc device is a sensor device 

24. a method of producing a light emitting device, sad 
light emitting device including at least a first sub- 
strate, a positive electrode layer formed on said first 
substrate, a second substrate, a negate electrode 
layer formed on sad second substrate, and an 
active layer formed between sad posrfive electrode 
layer and sad negative electrode layer, wherein 
iignt emitting regions are formed between said pos- 
itive and negate electrode layers »n such a man- 
ner that the distance between sad positive and 
negative electrode layers vanes from a light ernit- 
nng region to another region; sad metnod compris- 
ing the steps of: 

forming a resin layer on either sad first sub- 
strate or sad second substrate, and 
forming a conve*-and*concave structure on 
25 said resin layer 

25- A method of producing a light ernmrng device, 
according to Claim 24, therein sad step of forming 
the convei-and-concava structure includes me step 

30 or pressing a mold mercer having a convex-and- 
concave structure against tne re^n layer to form the 
structure 

26- A method of producing a light emrtnng device, 
js according to Claim 24. wherein sad step of forming 

the resin layer includes ihe step of Curing said resin 
by applying either light or heat to sad i esin 

27. A method of producing a light emitting devic 
•o according 10 Claim 24. wherein sad mold member 
is formed by means of etching 



2a A method of producing a light emrrong device, 
according to Claim 26. -herein sad application of 
«i light or heat is performed while pressing sad mow 
mentoer having the cqnvex-and-concave structure 
during sad step ol forming the conve**nd<oncave 
structure on tne resm layer. 

so 29. A ligmemiwng device capaH^ 
various wavelengths. 

30. A metnod of producing a light emitting device of 
Claim 29- 

55 



22. An electric device according to Claim 20, further 
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FIG. 2(a) 
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FIG. 4 



ZZJL 



4 

-5 



--12 



10 
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